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© A communication apparatus which can commu- 
nicate by a proper light intensity and can prevent a 
vain electric power consumption without providing 
light intensity measuring means on the reception 
side is provided. There are also provided commu- 
nication apparatus and method, in which after a CPU 



issued a first message, a light emission intensity of 
an infrared LED is changed by the CPU so as to 
become the optimum state in accordance with the 
presence or absence of the response of a second 
message that is performed in response to the first 
message. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention relates to a communication ap- 
paratus for communicating by using a light. 

Related Background Art 

In recent years, a communication apparatus for 
communicating by using a light has widely been 
put into practical use. There are various kinds of 
communication apparatuses such as apparatus us- 
ing a spatial transmission, apparatus using an op- 
tical fiber, apparatus for communicating by coming 
into contact with another apparatus, and the like. 

In such conventional communication ap- 
paratuses, a light emitting device is driven by a 
predetermined light intensity (at least, in terms of 
an assumption such that the light intensity cannot 
be purposely changed) irrespective of a type of 
transmission path. 

The light intensity is set to an intensity enough 
to assure the communication at the time of the 
maximum attenuation on the transmission path (for 
instance, in case of the apparatus using the optical 
fiber, the maximum length; in case of the apparatus 
for performing the spatial transmission, the maxi- 
mum distance). 

A light emitting device (light emitting diode, 
laser diode, or the like) which is used for light 
communication is driven by a current of about tens 
of mA to 150 mA. However, since a low electric 
power consumption of an electronic apparatus is 
progressively realized nowadays, there is a ten- 
dency such that a ratio at which the electric power 
consumption of the light emitting device occupies 
in the electric power consumption of the whole 
apparatus is increasing. Therefore, as in the fore-, 
going conventional apparatuses, a method whereby 
the light emitting device is always driven by the 
light intensity corresponding to the maximum at- 
tenuation is very disadvantageous from a viewpoint 
of the realization of a low electric power consump- 
tion. 

In case of the apparatus for communicating by 
coming into contact with another apparatus, an 
interval between the light emitting device and the 
photosensitive device is set to a predetermined 
distance and no problem occurs even if the light 
intensity is inherently set to a fixed value. However, 
in many cases, the light intensity is set to a slightly 
strong value in order to cope with a variation 
among devices, a deviation of the light axis at the 
time of installation, or the like. The apparatus is 
also not driven by the optimum light intensity. 

To. solve the above problems, there is consid- 
ered a method whereby light intensity measuring 



means for measuring the light intensity is provided 
on the photosensitive device side and the measure- 
ment result of the light intensity measuring means 
is fed back to the light emitting device side, there- 

5 by setting the light intensity to a proper value. 
According to such a method, however, there is a 
problem such that not only light emission intensity 
varying means for varying the light emission inten- 
sity on the transmission side is provided but also 

to the light intensity measuring means has to be 
provided on the reception side. 

SUMMARY OF THE INVENTION 

15 The present invention is made in consideration 
of the above conventional apparatuses and it is an 
object of the invention to provide a communication 
apparatus which can communicate by a proper 
light intensity without providing the light intensity 

20 measuring means for the reception side and can 
prevent a vain electric power consumption. 

Another object of the invention is to provide a 
communication apparatus for communicating by a 
light, comprising: light emission intensity setting 

25 means for setting a light emission intensity of a 
light emitting device; message issuing means for 
issuing a message by the set light emission inten- 
sity; and message receiving means for receiving 
the message issued by the message issuing 

30 means, wherein after the message issuing means 
issued a first message, in accordance with the 
presence or absence of the reception of a second 
message that is performed in response to the first 
message of the message receiving means, the light 

35 emission intensity of the light emitting device is set 
to the optimum state by the light emission intensity 
setting means. 

Still another object of the invention is to pro- 
vide a communication apparatus in which in the 

40 case where the message issuing means issues the 
first message and the message receiving means 
receives the second message, the light emission 
intensity setting means reduces the light emission 
intensity of the light emitting device for issuing the 

45 first message. 

Further another object of the invention is to 
provide a communication apparatus in which in the 
case where the message issuing means issues the 
first message and the message receiving means 

50 doesn't receive the second message, the light 
emission intensity setting means increases the light 
emission intensity of the light emitting device for 
issuing the first message. 

Further another object of the invention is to 

55 provide a communication apparatus for commu- 
nicating by a light, comprising: light emission inten- 
sity setting means for setting a light emission inten- 
sity of a light emitting device; message issuing 
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means for issuing a message by the set light 
emission intensity; message receiving means for 
receiving the message issued by the message 
issuing means; and memory means which is con- 
structed in a manner such that, after the message 
issuing means issued a first message by the light 
emission intensity set by the light emission inten- 
sity setting means, in the case where the message 
receiving means receives a second message in 
response to the first message, the light emission 
intensity is stored as a success intensity. 

Further another object of the invention is to 
provide a communication apparatus further having 
memory means which is constructed in a manner 
such that, after the message issuing means issued 
a first message by the light emission intensity set 
by the light emission intensity setting means, in the 
case where the message receiving means doesn't 
receive a second message in response to the first 
message, the light emission intensity is stored as a 
failure intensity. 

Further another object of the invention is to 
provide a communication apparatus, wherein in the 
case where the message issuing means issues the 
first message and the message receiving means 
receives the second message, the light emission 
intensity setting means sets the light emission in- 
tensity for issuing the next first message into the 
light emission intensity that is equal to the half of 
the sum of the stored success intensity and failure 
intensity. 

Further another object of the invention is to 
provide a communication method of communicat- 
ing by a light, comprising the steps of: setting a 
light emission intensity of a light emitting device; 
issuing a first message by the set light emission 
intensity; and setting the light emission intensity of 
the light emitting device into the optimum state in 
accordance with the presence or absence of the 
response of a second message that is performed in 
accordance with the first message. 

Further another object of the invention is to 
provide a communication method, wherein in the 
case where the first message is issued and the 
second message is received, the light emission 
intensity of the light emitting device for issuing the 
first message is reduced. 

Further another object of the invention is to 
provide a communication method, wherein in the 
case where the first message is issued and the 
second message is not received, the light emission 
intensity of the light emitting device for issuing the 
first message is increased. 

Further another object of the invention is to 
provide a communication method of communicat- 
ing by a light, comprising the steps of: setting a 
first light emission intensity of a light emitting de- 
vice; issuing a first message by the set first light 



emission intensity; setting the set first light emis- 
sion intensity into a success intensity in the case 
where the second message is received in response 
to the first message and storing the set first light 

5 emission intensity into a failure intensity in the case 
where the second message is not received in re- 
sponse to the first message; and setting the sec- 
ond light emission intensity that is emitted after the 
first light emission intensity is set into the light 

10 emission intensity between the stored success in- 
tensity and failure intensity. 

Further another object of the invention is to 
provide a communication method, wherein the sec- 
ond light emission intensity is set into the light 

75 emission intensity that is equal to the half of the 
sum of the stored success intensity and failure 
intensity. 

After the message issuing means issued the 
first message, the light emission intensity of the 

20 light emitting device is changed and is set to the 
optimum state by the light emission intensity 
changing means in accordance with the presence 
or absence of the response of the second message 
that is performed in accordance with the first mes- 

25 sage. Due to this, the communication can be per- 
formed at the proper light intensity without provid- 
ing the light intensity measuring means for the 
reception side. The vain electric power consump- 
tion by an excessive output is prevented. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a construction 
of a communication apparatus according to the 
35 first embodiment; 

Fig. 2 is a block diagram showing a detailed 
construction of light emission intensity varying 
means in the apparatus; 

Fig. 3 is a flowchart showing a control operation 
40 procedure of the light emission intensity of an 
infrared LED in the apparatus; 
Fig. 4 is a flowchart showing a processing op- 
eration procedure to decide the optimum light 
emission intensity in the apparatus; and 
45 Fig. 5 is a flowchart showing a processing op- 
eration procedure to decide the optimum light 
emission intensity in the apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 



An embodiment of the invention will now be 
described hereinbelow with reference to the draw- 
ings. 

55 Fig. 1 is a block diagram showing a construc- 

tion of a communication apparatus according to an 
embodiment of the invention. The communication 
apparatus uses a spatial propagation of infrared 
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rays and executes a communication by connecting 
apparatuses in a wireless manner. 

In Fig. 1, reference numeral 1 denotes a CPU 
(central processing unit) for controlling the whole 
communication apparatus; 2 indicates a memory 
(ROM/RAM) in which a control procedure shown in 
Figs. 4 and 5 is stored and is executed by the CPU 
1; 3 a communication controller comprising a par- 
allel/serial converter, a coding/decoding apparatus, 
and the like; and 4 a modulator for modulating on 
the basis of an output from the communication 
controller 3. The modulator 4 modulates a pre- 
determined subcarrier signal by a well-known mod- 
ulating method such as QAM, FSK, PSK, or the like 
(a main carrier corresponds to infrared rays them- 
selves which are emitted from an infrared LED 7, 
which will be explained hereinlater). 

Reference numeral 5 denotes an amplitude ad- 
justment circuit for adjusting an amplitude value of 
an output signal from the modulator 4 on the basis 
of a control signal from the CPU 1. Reference 
numeral 6 denotes a V-l converter for driving the 
infrared LED (light emitting device) by a radio wave 
value according to a magnitude of output of the 
amplitude adjustment circuit 5. Generally, the light 
emission intensity of the LED is proportional to the 
drive current. In the embodiment, therefore, the 
infrared LED 7 is driven by a desired light emission 
intensity by a control signal from the CPU 1. 

Reference numeral 11 denotes a pin 
photodiode (photosensitive device) for converting a 
light signal into a current signal. The pin 
photodiode is molded by a resin for eliminating the 
visible light and only the infrared rays can transmit 
the resin. Reference numeral 12 denotes a resistor 
for. applying an inverse bias to the pin photodiode 
1 1 , and 1 0 indicates an l-V converter for converting 
the current signal derived by the pin photodiode 1 1 
into the voltage signal. The voltage signal is am- 
plified by an amplifier 9 at the post stage and is 
sent to a demodulator 8. The signal received by 
the pin photodiode 1 1 is finally demodulated by the 
demodulator 8 and is output as a digital signal to 
the communication controller 3. 

The directional characteristics of both of the 
infrared LED 7 and pin photodiode 11 are wide 
directional or omnidirectional in which a plurality of 
devices are combined. The communication can be 
performed irrespective of the direction of the com- 
munication apparatus. 

Fig. 2 is a block diagram showing a detailed 
construction of the amplitude adjustment circuit 5 
and V-l converter 6 in the communication appara- 
tus of Fig. 1 . 

First, the amplitude adjustment circuit 5 will be 
first described. In Fig. 2, reference numeral 20 
denotes a collective resistor comprising eight resis- 
tive devices 20i, 20* , 20 3 , 2O4, 20s, 20b, 2O7, and 



20s each having the same resistance value. The 
resistive devices 20i to 20a are serially connected 
and one end of each resistive device is connected 
to an output of the modulator 4 and the other end 
5 is connected to the ground GND. Analog switches 
21, 22, 23. 24, 25, 26, 27, and 28 which are 
opened or closed by a control signal from the CPU 
1 are connected to connecting points of the resis- 
tive devices 2d to 20s, respectively. 

10 The output of the modulator 4 is voltage di- 
vided by the eight resistive devices 20i to 20s. 
Therefore, by controlling so as to close only either 
one of the analog switches 21 to 28, when assum- 
ing that the initial value is equal to 1, an amplitude 
. /5 value of a desired magnitude in a range from 1/8 to 
1 can be taken out step by step on a 1/8 unit basis. 

The V-l converter 6 will now be described. In 
Fig. 2, reference numeral 30 denotes an oper- 
ational amplifier. The output of the amplitude ad- 

20 justment circuit 5 is input to a plus ( + ) input 
terminal of the operational amplifier. An output of 
the operational amplifier 30 is fed back to a minus 
(-) input terminal of the operational amplifier 30 
through an FET 31 . Now, assuming that a voltage 

25 to the ( + ) input terminal is set to V and a current 
flowing is set to l f and a resistance value of a 
resistor 32 is set to R, the potentials at the ( + ) and 
(-) input terminals have the same value because of 
an imaginary short. Therefore, the following equa- 

30 tion (1) is satisfied. 

V = R • l f (1) 

Therefore, by changing the voltage V to the 

35 ( + ) input terminal, the drive current of the infrared 
LED 7 can be controlled. 

A control operation procedure of the light emis- 
sion intensity of the infrared LED 7 will now be 
described by using a flowchart shown in Fig. 3. 

40 First, a first message 40 is issued by the 
maximum light emission intensity "1 " from the [A] 
side to the [B] side. In response to it, [B] issues a 
second message 41 . By receiving the second mes- 
sage 41, [A] can know that [B] is in a state in which 

45 the communication can be performed. 

After that, [A] issues the first message a few 
times while changing the light emission intensity 
and searches the optimum light emission intensity 
in accordance with the presence or absence of the 

50 response of the second message corresponding to 
it. In the embodiment, the above process is ex- 
ecuted by a binary search method (search which is 
executed to a set of items which were ordered; a 
method whereby the set is divided into two por- 

55 tions and one of them is abandoned and the above 
process is repeated for the accepted portion until 
the completion of the search). 
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Returning to Fig. 3, [A] issues a first message 
42 by the light emission intensity "4/8" that is the 
half of that of the message 40. However, even after 
a prescribed time elapsed, a response message 
corresponding to the first message 42 from [A] is 
not returned from [BJ. 

Therefore, [A] judges that the light emission 
intensity of "4/8" is insufficient, so that [A] again 
issues a first message 43 by increasing the light 
emission intensity to "6/8". In this instance, a sec- 
ond message 44 is returned from [B] to [A] in 
response to the first message 43. Subsequently, 

[A] again issues a first message 45 by reducing the 
light emission intensity to "5/8". In response to the 
first message 45, a second message 46 is returned 
from [BJ to [A], so that the final light emission 
intensity is decided to "5/8". 

As described above, the operations such that 
the light emission intensity is increased or de- 
creased in accordance with the presence or ab- 
sence of the response of the second message from 

[B] to [A] and the first message from [A] is issued 
are repeated a few times, so that the necessary 
minimum, namely, optimum light emission intensity 
can be searched. 

According to the binary search method, assum- 
ing that the number of variable steps of the light 
emission intensity is set to (n), the number of 
searching times is set to the minimum integer (m) 
which satisfies the following equation (2). 

m £ log 2 n + 1 (2) 

where, "1 " in the right side denotes a light emis- 
sion amount of the message at the light emission 
intensity "1" which was first performed. 

In case of the embodiment, therefore, the opti- 
mum light emission intensity is decided by the 
search of four times as shown in the following 
equation (3). 

4 = log 2 8 + 1 (3) 

Generally, since the attenuation of the light 
signal on the transmission path on the going path 
is not so largely different from that on the returning 
path, the light emission intensity decided by the 
search from [A] to [B] can be used as it is as a 
light emission intensity from [B] to [A]. 

In this case, in Fig. 3, a message 47 to inform 
the decided light emission intensity to the (B] side 
is generated by the light emission. After that, the 
ordinary communication is performed by the light 
emission intensity (5/8 in the example of Fig. 3) 
regarding [A] and [B], respectively. 

However, it will be also obviously presumed 
that the optimum light emission intensity from [B] 
to [A] differs from that the optimum light emission 



intensity from [A] to [B] due to a variation among 
resistive devices 21 1 to 21 8 or the like. In such a 
case, it is desirable to also execute the search from 
the [B] side to the [A] side. In this instance, the 
5 message 47 informs the completion of the search- 
ing operation from [A] to [B] without reporting the 
decided light emission intensity as mentioned 
above. 

The number of searching times from [B] to [A] 
70 is reduced by "1 " from the number in case of 
searching from [A] to [B] because there is no need 
to know the permission or inhibition of the commu- 
nication on the partner side. Thus, the search num- 
ber is set to three times in case of the embodi- 
75 ment. 

A communication processing flow in this in- 
stance is shown in the lower half in Fig. 3. In the 
diagram, reference numerals 48, 50, and 52 show 
states in which the light emission intensities are set 

20 to "4/8", "2/8", and "3/8" by the first message that 
is issued from [B] to [A], respectively. As also 
shown in Fig. 3, a response message (second 
message from [A] to [B]) 49 is returned in re- 
sponse to the message 48 from [B]. However, no 

25 response is returned from [A] for messages 50 and 
51 from [BJ. 

Therefore, the light emission intensity "4/8" is 
determined as an optimum intensity. After that, [B] 
issues the message 52 to inform the end of the 
30 searching operation. Subsequently, [A] performs 
the ordinary communication by the light emission 
intensity of "5/8" or by the light emission intensity 
of "4/8". 

Figs. 4 and 5 are flowcharts showing a pro- 

35 cessing operation procedure to decide the opti- 
mum light emission intensity. First in step S4-1, the 
light emission intensity is set to the maximum 
output "1". In step S4-2, the first message at the 
light emission intensity set in step S4-1 is issued. 

40 In steps S4-3 and S4-4, the apparatus waits for the 
arrival of the second message from the commu- 
nication partner for a prescribed time. 

When no second message arrives even for a 
calling by the maximum output, this means that the 

45 partner is absent or the partner side is in a state in 
which the communication cannot be performed. 
Therefore, the processing routine is interrupted and 
the processing routine is finished. When the sec- 
ond message arrives in step S4-3, the processes in 

50 step S4-5 and subsequent steps are performed in 
order to search the optimum light emission inten- 
sity. 

First in step S4-5, the success intensity is set 
to "1" and the failure intensity is set to "0" and 
55 those values are stored at predetermined locations 
in the memory. In step S4-6, the light emission 
intensity is set at a predetermined location in the 
memory 2 so as to be equal to the intermediate 
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value (1/2 in this case) between the success inten- 
sity and the failure intensity. In step S4-7, the first 
message is again issued by the light emission 
intensity. 

In steps S4-8 and S4-9 in Fig. 5. the apparatus 
waits for the arrival of the second message. In step 
S4-8, when the second message arrives, this 
means that the communication at the present light 
emission intensity succeeds. Therefore, in step S4- 
10, the success intensity is updated to the present 
light emission intensity and is stored at a predeter- 
mined location in the memory 2. After that, step 
S4-12 follows. 

In step S4-8, when the second message 
doesn't arrive, this means that the communication 
cannot be performed at the present light emission 
intensity. Therefore, in step S4-1 1 , the failure inten- 
sity is updated to the present light emission inten- 
sity and is stored at a predetermined location in the 
memory 2. After that, step S4-12 follows. 

In step S4-12, a check is made to see if a 
difference between the success intensity and fail- 
ure intensity stored in steps S4-10 and S4-11 is 
equal to the minimum step (1/8 in case of the 
embodiment) of the variable light emission intensity 
or not. When they are not equal, the processing 
routine is returned to step S4-6 in Fig. 4 and the 
processes are repeated from step S4-6. When it is 
judged that the difference is equal to the minimum 
step in step S4-12, step S4-13 follows. At this 
stage, since the minimum light emission intensity 
at which the communication can be performed has 
been stored as a success intensity at the predeter- 
mined location in the memory 2, such an intensity 
is set as a final light emission intensity in step S4- 
13. In step S4-14, a message indicative of the end 
of the searching operation is issued. After that, the 
processing routine is finished. 

As mentioned above, in case of searching from 
the [B] side to the [A] side, the processes in steps 
S4-1 to S4-4 in Fig. 4 can be omitted. 

In the embodiment, although the number of 
variable steps of the light emission intensity has 
been set to eight levels, the number of variable 
steps can be also obviously increased or de- 
creased as necessary. By increasing the number of 
variable steps, the optimum light emission intensity 
can be decided more finely. It is also considered 
that in case of the light emission intensity decided 
by the process shown in Fig. 4, a noise margin is a 
necessary minimum limit value. Therefore, in order 
to assure a more stable communication quality, the 
light emission intensity can be also set to a value 
that is slightly larger than the light emission inten- 
sity obtained by searching the light emission inten- 
sity by about one or two steps in consideration of a 
slight surplus. 



As described above, according to the embodi- 
ment, by transmitting or receiving the message a 
few times, the necessary minimum light emission 
intensity is automatically set and the vain electric 
5 power consumption due to the excessive output 
can be prevented. Moreover, in the embodiment, 
the light emission intensity varying means for vary- 
ing the light emission intensity is merely provided 
on the transmission side. An additional hardware 
10 such as light emission intensity measuring means 
is unnecessary on the reception side. 

Although the embodiment has been described 
above with respect to the case of alternately per- 
forming the search from [A] to [B] and the search 
rs from [B] to [A], they can be also simultaneously 
executed. In such a case, it is sufficient to con- 
struct in a manner such that, although the first 
message which is emitted from the apparatus itself 
changes the light emission intensity, the second 
20 message which is emitted in response to a mes- 
sage from the partner is always transmitted by the 
maximum output "1" and the second message is 
preferentially issued than the first message. 

As will be understood from the above descrip- 
25 tion, almost of the invention is embodied by the 
works on the transmission side (the reception side 
merely issues the second message of a response). 
This means that the invention can be applied to 
only one apparatus side of the communication. For 
30 example, in the case where a desk-top type ap- 
paratus using a commercially available AC power 
source is provided on the [B] side and a portable 
type apparatus that is driven by a battery is pro- 
vided on the [A] side and the user wants to avoid 
35 an excessive output in only the apparatus on the 
[A] side under a severe power circumstance, the 
invention can be embodied without providing the 
means for varying the light emission intensity for 
the apparatus on the [B] side. 
40 According to the latter method (method where- 
by the light intensity is fed back) of the conven- 
tional techniques, even if only the apparatus on the 
[A] side varies the light emission intensity, the light 
intensity measuring means is necessary on the [B] 
45 side. However, according to the invention, no addi- 
tional hardware is necessary on the [B] side. 

In case of simultaneously performing the 
search on both sides as described above and in 
case of embodying the invention on one side, no 
50 problem will occur even if the end of searching 
operation is not informed to the partner side. 
Therefore, the message to inform the end of 
searching operation described in the above em- 
bodiment can be also omitted. 
55 Although the special messages for adjusting 
the light emission intensity have been used as first 
and second messages in the foregoing embodi- 
ment as a prerequisite, this is not a necessary 
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condition of the invention. The invention merely 
requests that, when a special message is issued by 
light emission, there is a special message that is 
returned in response to it. Therefore, as such spe- 
cial messages, other messages which are used for 5 
another object can be also used. 

That is, if the transmission and reception of 
messages (including a packet or the like) which 
satisfy the above requirement have been specified 
in an existing communication protocol, such mes- 10 
sages can be used as first and second messages 
in the invention. 

When the above point is considered , together 
with a point that the invention can be used on only 
one side of the communication, the communication 75 
apparatus embodying the invention can be also 
connected to a communication apparatus using the 
conventional technique and the existing commu- 
nication protocol. 

Further, although the above embodiment has 20 
been described with respect to the communication 
apparatus using a spatial transmission as a trans- 
mission path as an example, the invention is not 
limited to such an example and can be also applied 
to a light communication, of a transmission path of 25 
a wide system. 

According to the communication apparatus of 
the invention as described above, after the mes- 
sage issuing means issued the first message, the 
light emission intensity of the light emitting device 30 
is changed by the light emission intensity changing 
means in accordance with the presence or absence 
of the response of the second message that is 
performed in response to the first message and is 
automatically set into the optimum light emission 35 
intensity. Therefore, the communication can be 
performed at the proper light intensity without pro- 
viding the light intensity measuring means on the 
reception side. The vain electric power consump- 
tion due to an excessive output can be prevented. ao 
The invention has a large flexibility such that the 
invention can be commonly used together with the 
existing protocol which can be also embodied on 
one side of the communication, or the like. 

A communication apparatus which can commu- 45 
nicate by a proper light intensity and can prevent a 
vain electric power consumption without providing 
light intensity measuring means on the reception 
side is provided. There are also provided commu- 
nication apparatus and method, in which after a 50 
CPU issued a first message, a light emission inten- 
sity of an infrared LED is changed by the CPU so 
as to become the optimum state in accordance 
with the presence or absence of the response of a 
second message that is performed in response to 55 
the first message. 



Claims 

1. A communication apparatus for communicating 
by a light, comprising: 

light emission intensity setting means for 
setting a light emission intensity of a light 
emitting device; 

message issuing means for issuing a mes- 
sage by said set light emission intensity; and 

message receiving means for receiving the 
message issued by said message issuing 
means, 

wherein after said message issuing means 
issued a first message, in accordance with the 
presence or absence of the reception of a 
second message that is performed in response 
to said first message of said message receiv- 
ing means, the light emission intensity of said 
light emitting device is set to the optimum 
state by said light emission intensity setting 
means. 

2. An apparatus according to claim 1, wherein in 
the case where said message issuing means 
issues the first message and said message 
receiving means receives the second mes- 
sage, said light emission intensity setting 
means reduces the light emission intensity of 
said light emitting device for issuing the first 
message. 

3. An apparatus according to claim 1, wherein in 
the case where said message issuing means 
issues the first message and said message 
receiving means doesn't receive the second 
message, said light emission intensity setting 
means increases the light emission intensity of 
said light emitting device for issuing the first 
message. 

4. A communication apparatus for communicating 
by a light, comprising: 

light emission intensity setting means for 
setting a light emission intensity of a light 
emitting device; 

message issuing means for issuing a mes- 
sage by said set light emission intensity; 

message receiving means for receiving the 
message issued by said message issuing 
means; and 

memory means which is constructed in a 
manner such that, after said message issuing 
means issued a first message by the light 
emission intensity set by said light emission 
intensity setting means, in the case where said 
message receiving means receives a second 
message in response to said first message, 
said light emission intensity is stored as a 
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success intensity. 

5. An apparatus according to claim 4, further hav- 
ing memory means which is constructed in a 
manner such that, after said message issuing 5 
means issued the first message by the light 
emission intensity set by said light emission 
intensity setting means, in the case where said 
message receiving means doesn't receive the 
second message in response to the first mes- 10 
sage, said light emission intensity is stored as 

a failure intensity. 

6. An apparatus according to claim 4, wherein in 

the case where said message issuing means ;s 
issues the first message and said message 
receiving means receives the second mes- 
sage, said light emission intensity setting 
means sets the light emission intensity for 
issuing the next first message into the light 20 
emission intensity that is equal to the half of 
the sum of said stored success intensity and 
failure intensity. 

7. An apparatus according to claim 5, wherein in 25 
the case where said message issuing means 
issues the first message and said message 
receiving means receives the second mes- 
sage, said light emission intensity setting 
means sets the light emission intensity for 30 
issuing the next first message into the light 
emission intensity that is equal to the half of 

the sum of said stored success intensity and 
failure intensity. 

35 

8. A communication method for communicating 
by a light, comprising the steps of: 

setting a light emission intensity of a light 
emitting device; 

issuing a first message by said set light 40 
emission intensity; and 

setting the light emission intensity of said 
light emitting device into the optimum state in 
accordance with the presence or absence of a 
response of a second message that is per- 45 
formed in response to said first message. 

9. A method according to claim 8, wherein in the 
case where said first message is issued and 

said second . message is received, the light 50 
emission intensity of said light emitting device 
for issuing the first message is reduced. 

10. A method according to claim 8, wherein in the 
case where said first message is issued and 55 
said second message is not received, the light 
emission intensity of said light emitting device 

for issuing the first message is increased. 



11. A communication method for communicating 
by a light, comprising the steps of: 

setting a first light emission intensity of a 
light emitting device; 

issuing a first message by said set first 
light emission intensity; 

setting said set first light emission intensity 
into a success intensity in the case where a 
second message is received in response to 
said first message and storing the set first light 
emission intensity as a failure intensity in the 
case where the second message is not re- 
ceived in response to said first message; and 

setting a second light emission intensity 
that is emitted after said first light emission 
intensity into a light emission intensity between 
said stored success intensity and failure inten- 
sity. 

12. A method according to claim 11, wherein said 
second light emission intensity is set to the 
light emission intensity that is equal to the half 
of the sum of said stored success intensity and 
failure intensity. 
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Description 

[0001] The invention relates to a communication ap- 
paratus for communicating by using a light. 
[0002] In recent years, a communication apparatus 5 
for communicating by using a light has widely been put 
into practical use. There are various kinds of communi- 
cation apparatuses such as apparatus using a spatial 
transmission, apparatus using an optical fiber, appara- 
tus for communicating by coming into contact with an- 10 
other apparatus, and the like. 
[0003] In such conventional communication appara- 
tuses, a light emitting device is driven by a predeter- 
mined light intensity (at least, in terms of an assumption 
such that the light intensity cannot be purposely 15 
changed) irrespective of a type of transmission path. 
[0004] The light intensity is set to an intensity enough 
to assure the communication at the time of the maximum 
attenuation on the transmission path (for instance, in 
case of the apparatus using the optical fiber, the maxi- 20 
mum length; in case of the apparatus for performing the 
spatial transmission, the maximum distance). 
[0005] A light emitting device (light emitting diode, la- 
ser diode, or the like) which is used for light communi- 
cation is driven by a current of about tens of mA to 150 25 
mA. However, since a low electric power consumption 
of an electronic apparatus is progressively realized now- 
adays, there is a tendency such that a ratio at which the 
electric power consumption of the light emitting device 
occupies in the electric power consumption of the whole 30 
apparatus is increasing. Therefore, as in the foregoing 
conventional apparatuses, a method whereby the light 
emitting device is always driven by the light intensity cor- 
responding to the maximum attenuation is very disad- 
vantageous from a viewpoint of the realization of a low 35 
electric power consumption. 

[0006] In case of the apparatus for communicating by 
coming into contact with another apparatus, an interval 
between the light emitting device and the photosensitive 
device is set to a predetermined distance and no prob- <o 
lem occurs even if the light intensity is inherently set to 
a fixed value. However, in many cases, the light intensity 
is set to a slightly strong value in order to cope with a 
variation among devices, a deviation of the light axis at 
the time of installation, or the like. The apparatus is also 45 
not driven by the optimum light intensity. 
[0007] To solve the above problems, there is consid- 
ered a method whereby light intensity measuring means 
for measuring the light intensity is provided on the pho- 
tosensitive device side and the measurement result of 50 
the light intensity measuring means is fed back to the 
light emitting device side, thereby setting the light inten- 
sity to a proper value. According to such a method, how- 
ever, there is a problem such that not only light emission 
intensity varying means for varying the light emission 55 
intensity on the transmission side is provided but also 
the light intensity measuring means has to be provided 
on the reception side. 



095 B1 2 

[0008] Document "Patent Abstracts of Japan Vol. 1 6, 
No. 273 (C-0953) 1992 & JP-A-04 067 836" discloses a 
communication apparatus and method for communicat- 
ing by light as defined in the preambles of the independ- 
ent claims 1 and 7, respectively. In detail, this document 
discloses a telemeter comprising a transmitting part and 
a receiving part for transmitting and receiving infrared 
rays. The light intensity of the light emitter of the trans- 
mitting part can be adjusted. The light emission intensity 
is set to a value with respect to the distance to a second 
station. 

[0009] Document "Patent Abstracts of Japan Vol. 15, 
No. 9 (E-1021) 1991 & JP-A-02 261 240" discloses a 
terminal device for an optical communication path. In 
particular, a position detecting means and an optical 
communication path inspecting means is provided. It is 
notified if said position detecting means detects the po- 
sition and the result of the inspecting means is not suf- 
ficient, i.e., that communication is not possible. In con- 
trast thereto, communication is started if the result of the 
inspecting means is sufficient. During the inspection of 
the optical communication path, the terminal side issues 
a reception confirming signal, and a base unit, which can 
receive the carrier signal, sends the transmission re- 
questing signal to the terminal. Thereby, the communi- 
cation path is confirmed, and the communication is start- 
ed. 

[0010] The object underlying the present invention is 
to provide a communication apparatus and method by 
which no light intensity measuring means are required 
for the reception side and by which a vain electric power 
consumption can be prevented. 
[0011] This object is solved by a communication ap- 
paratus according to ciaim 1 and alternatively by a com- 
munication method according to claim 7. 
[0012] After the message issuing means issued the 
first message, the light emission intensity of the light 
emitting device is changed and is set to the optimum 
state by the light emission intensity changing means in 
accordance with the presence or absence of the re- 
sponse of the second message that is performed in ac- 
cordance with the first message. Due to this, the com- 
munication can be performed at the proper light intensity 
without providing the light intensity measuring means for 
the reception side. The vain electric power consumption 
by an excessive output is prevented. 
[0013] Further advantageous developments are set 
out in the dependent claims. 

[0014] In the following, the drawings are described in 
short, in which: 

Fig. 1 is a block diagram showing a construction of 
a communication apparatus according to the first 
embodiment; 

Fig. 2 is a block diagram showing a detailed con- 
struction of light emission intensity varying means 
in the apparatus; 

Fig. 3 is a flowchart showing a control operation pro- 
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cedure of the light emission intensity of an infrared 
LED in the apparatus; 

Fig. 4 is a flowchart showing a processing operation 
procedure to decide the optimum light emission in- 
tensity in the apparatus; and 
Fig. 5 is a flowchart showing a processing operation 
procedure to decide the optimum light emission in- 
tensity in the apparatus. 

[001 5] An embodiment of the invention will now be de- 
scribed hereinbelow with reference to the drawings. 
[0016] Fig. 1 is a block diagram showing a construc- 
tion of a communication apparatus according to an em- 
bodiment of the invention. The communication appara- 
tus uses a spatial propagation of infrared rays and exe- 
cutes a communication by connecting apparatuses in a 
wireless manner. 

[0017] In Fig. 1, reference numeral 1 denotes a CPU 
(central processing unit) for controlling the whole com- 
munication apparatus; 2 indicates a memory (ROM/ 
RAM) in which a control procedure shown in Figs. 4 and 
5 is stored and is executed by the CPU 1; 3 a commu- 
nication controller comprising a parallel/serial converter, 
a coding/decoding apparatus, and the like; and 4 a mod- 
ulator for modulating on the basis of an output from the 
communication controller 3. The modulator 4 modulates 
a predetermined subcarrier signal by a well-known mod- 
ulating method such as QAM, FSK, PSK, or the like (a 
main carrier corresponds to infrared rays themselves 
which are emitted from an infrared LED 7, which will be 
explained hereinlater). 

[0018] Reference numeral 5 denotes an amplitude 
adjustment circuit for adjusting an amplitude value of an 
output signal from the modulator 4 on the basis of a con- 
trol signal from the CPU 1. Reference numeral 6 de- 
notes a V-l converter for driving the infrared LED (light 
emitting device) by a radio wave value according to a 
magnitude of output of the amplitude adjustment circuit 
5. Generally, the light emission intensity of the LED is 
proportional to the drive current. In the embodiment, 
therefore, the infrared LED 7 is driven by a desired light 
' emission intensity by a control signal from the CPU 1. 
[0019] Reference numeral 11 denotes a pin photodi- 
ode (photosensitive device) for converting a light signal 
into a current signal. The pin photodiode is molded by 
a resin for eliminating the visible light and only the infra- 
red rays can transmit the resin. Reference numeral 12 
denotes a resistor for applying an inverse bias to the pin 
photodiode 11, and 10 indicates an l-V converter for 
converting the current signal derived by the pin photo- 
diode 11 into the voltage signal. The voltage signal is 
amplified by an amplifier 9 at the post stage and is sent 
to a demodulator 8. The signal received by the pin pho- 
todiode 11 is finally demodulated by the demodulator 8 
and is output as a digital signal to the communication 
controller 3. 

[0020] The directional characteristics of both of the in- 
frared LED 7 and pin photodiode 11 are wide directional 
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or omnidirectional in which a plurality of devices are 
combined. The communication can be performed irre- 
spective of the direction of the communication appara- 
tus. 

5 [0021] Fig. 2 is a block diagram showing a detailed 
construction of the amplitude adjustment circuit 5 and 
V-l converter 6 in the communication apparatus of Fig. 
1. 

[0022] First, the amplitude adjustment circuit 5 will be 

10 first described. In Fig. 2, reference numeral 20 denotes 
a collective resistor comprising eight resistive devices 
20 v 20 2 , 20 3 , 20 4 , 20 5 , 20 6 , 20 7 , and 20 8 each having 
the same resistance value. The resistive devices 20 t to 
20 8 are serially connected and one end of each resistive 

15 device is connected to an output of the modulator 4 and 
the other end is connected to the ground GND. Analog 
switches 21, 22, 23, 24, 25, 26, 27, and 28 which are 
opened or closed by a control signal from the CPU 1 are 
connected to connecting points of the resistive devices 

20 20, to 20 8 , respectively. 

[0023] The output of the modulator 4 is voltage divid- 
ed by the eight resistive devices 20., to 20 8 . Therefore, 
by controlling so as to close only either one of the analog 
switches 21 to 28, when assuming that the initial value 

25 is equal to 1 , an amplitude value of a desired magnitude 
in a range from 1/8 to 1 can be taken out step by step 
on a 1/8 unit basis. 

[0024] The V-l converter 6 will now be described. In 
Fig. 2, reference numeral 30 denotes an operational am- 

30 plifier. The output of the amplitude adjustment circuit 5 
is input to a plus (+) input terminal of the operational 
amplifier. An output of the operational amplifier 30 is fed 
back to a minus (-) input terminal of the operational am- 
plifier 30 through an FET 31 . Now, assuming that a volt- 

35 age to the (+) input terminal is set to V and a current 
flowing is set to l f and a resistance value of a resistor 32 
is set to R, the potentials at the (+) and (-) input terminals 
have the same value because of an imaginary short. 
Therefore, the following equation (1) is satisfied. 

40 

V = R.| f (1) 

[0025] Therefore, by changing the voltage V to the (+) 
45 input terminal, the drive current of the infrared LED 7 
can be controlled. 

[0026] A control operation procedure of the light emis- 
sion intensity of the infrared LED 7 will now be described 
by using a flowchart shown in Fig. 3. 

50 [0027] First, a first message 40 is issued by the max- 
imum light emission intensity "1" from the [A] side to the 
[B) side. In response to it, [B] issues a second message 
41. By receiving the second message 41, [A] can know 
that [B] is in a state in which the communication can be 

55 performed. 

[0028] After that, [A] issues the first message a few 
times while changing the light emission intensity and 
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searches the optimum light emission intensity in accord- 
ance with the presence or absence of the response of 
the second message corresponding to it. In the embod- 
iment, the above process is executed by a binary search 
method (search which is executed to a set of items 5 
which were ordered; a method whereby the set is divid- 
ed into two portions and one of them is abandoned and 
the above process is repeated for the accepted portion 
until the completion of the search). 
[0029] Returning to Fig. 3, [A] issues a first message 10 
42 by the light emission intensity "4/8" that is the half of 
that of the message 40. However, even after a pre- 
scribed time elapsed, a response message correspond- 
ing to the first message 42 from [A] is not returned from 
[B]. 15 
[0030] Therefore, [A] judges that the light emission in- 
tensity of "4/8" is insufficient, so that [A] again issues a 
first message 43 by increasing the light emission inten- 
sity to "6/8". In this instance, a second message 44 is 
returned from [B] to [A] in response to the first message 20 
43. Subsequently, [A] again issues a first message 45 
by reducing the light emission intensity to "5/8". In re- 
sponse to the first message 45, a second message 46 
is returned from [B] to [A], so that the final light emission 
intensity is decided to "5/8". 25 
[0031] As described above, the operations such that 
the light emission intensity is increased or decreased in 
accordance with the presence or absence of the re- 
sponse of the second message from [B] to [A] and the 
first message from [A] is issued are repeated a few 30 
times; so that the necessary minimum, namely, optimum 
light emission intensity can be searched. 
[0032] According to the binary search method, as- 
suming that the number of variable steps of the light 
emission intensity is set to (n), the number of searching 35 
times is set to the minimum integer (m) which satisfies 
the following equation (2). 

m£log 2 n + 1 (2) 4Q 

where, "1" in the right side denotes a light emission 
amount of the message at the light emission intensity 
"1" which was first performed. 
[0033] In case of the embodiment, therefore, the op- 
timum light emission intensity is decided by the search 
of four times as shown in the following equation (3). 

4 = log 2 8 + 1 (3) 50 

[0034] Generally, since the attenuation of the light sig- 
nal on the transmission path on the going path is not so 
largely different from that on the returning path, the light 
emission intensity decided by the search from [A] to [B] 55 
can be used as it is as a light emission intensity from [B] 
to [A]. 



[0035] In this case, in Fig. 3, a message 47 to inform 
the decided light emission intensity to the [B] side is gen- 
erated by the light emission. After that, the ordinary com- 
munication is performed by the light emission intensity 
(5/8 in the example of Fig. 3) regarding [A] and [B], re- 
spectively. 

[0036] However, it will be also obviously presumed 
that the optimum light emission intensity from [B] to [A] 
differs from that the optimum light emission intensity 
from [A] to [B] due to a variation among resistive devices 
21 1 to 21 8 or the like. In such a case, it is desirable to 
also execute the search from the [B] side to the [A] side. 
In this instance, the message 47 informs the completion 
of the searching operation from [A] to [B] without report- 
ing the decided light emission intensity as mentioned 
above. 

[0037] The number of searching times from [B] to [A] 
is reduced by "1" from the number in case of searching 
from [A] to [B] because there is no need to know the 
permission or inhibition of the communication on the 
partner side. Thus, the search number is set to three 
times in case of the embodiment. 
[0038] A communication, processing flow in this in- 
stance is shown in the lower half in Fig. 3. In the diagram, 
reference numerals 48, 50, and 52 show states in which 
the light emission intensities are set to "4/8", "2/8", and 
"3/8" by the first message that is issued from [B] to [A], 
respectively. As also shown in Fig. 3, a response mes- 
sage (second message from [A] to [B]) 49 is returned in 
response to the message 48 from [B]. However, no re- 
sponse is returned from [A] for messages 50 and 51 
from [B]. 

[0039] Therefore, the light emission intensity "4/8" is 
determined as an optimum intensity. After that, [B] is- 
sues the message 52 to inform the end of the searching 
operation. Subsequently, [A] performs the ordinary com- 
munication by the light emission intensity of "5/8" or by 
the light emission intensity of "4/8". 
[0040] Figs. 4 and 5 are flowcharts showing a 
processing operation procedure to decide the optimum 
light emission intensity First in step S4-1 , the light emis- 
sion intensity is set to the maximum output "1". In step 
S4-2, the first message at the light emission intensity 
set in step S4-1 is issued. In steps S4-3 and S4-4, the 
apparatus waits for the arrival of the second message 
from the communication partner for a prescribed time. 
[0041] When no second message arrives even for a 
calling by the maximum output, this means that the part- 
ner is absent or the partner side is in a state in which 
the communication cannot be performed. Therefore, the 
processing routine is interrupted and the processing 
routine is finished. When the second message arrives 
in step S4-3, the processes in step S4-5 and subsequent 
steps are performed in order to search the optimum light 
emission intensity. 

[0042] First in step S4-5, the success intensity is set 
to "1 " and the failure intensity is set to "0" and those val- 
ues are stored at predetermined locations in the mem- 
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ory. In step S4-6, the light emission Intensity is set at a 
predetermined location in the memory 2 so as to be 
equal to the Intermediate value (1/2 in this case) be- 
tween the success intensity and the failure intensity. In 
step S4-7, the first message is again issued by the light 
emission intensity. 

[0043] In steps S4-8 and S4-9 in Fig. 5, the apparatus 
waits for the arrival of the second message. In step S4-8, 
when the second message arrives, this means that the 
communication at the present light emission intensity 
succeeds. Therefore, in step S4-10, the success inten- 
sity is updated to the present light emission intensity and 
is stored at a predetermined location in the memory 2. 
After that, step S4-12 follows. 
[0044] In step S4-8, when the second message 
doesn't arrive, this means that the communication can- 
not be performed at the present light emission intensity. 
Therefore, in step S4-11, the failure intensity is updated 
to the present light emission intensity and is stored at a 
predetermined location in the memory 2. After that, step 
S4-1 2 follows. 

[0045] In step S4-12, a check is made to see if a dif- 
ference between the success intensity and failure inten- 
sity stored in steps S4-10 and S4-11 is equal to the min- 
imum step (1/8 in case of the embodiment) of the vari- 
able light emission intensity or not. When they are not 
equal, the processing routine is returned to step S4-6 in 
Fig. 4 and the processes are repeated from step S4-6. 
When it is judged that the difference is equal to the min- 
imum step in step S4-12, step S4-13 follows. At this 
stage, since the minimum light emission intensity at 
which the communication can be performed has been 
stored as a success intensity at the predetermined lo- 
cation in the memory 2, such an intensity is set as a final 
light emission intensity in step S4-13. In step S4-14, a 
message indicative of the end of the searching opera- 
tion is issued. After that, the processing routine is fin- 
ished. 

[0046] As mentioned above, in case of searching from 
the [B] side to the [A] side, the processes in steps S4-1 
to S4-4 in Fig. 4 can be omitted. 
[0047] In the embodiment, although the number of 
variable steps of the light emission intensity has been 
set to eight levels, the number of variable steps can be 
also obviously increased or decreased as necessary. By 
increasing the number of variable steps, the optimum 
light emission intensity can be decided more finely. It is 
also considered that in case of the light emission inten- 
sity decided by the process shown in Fig. 4, a noise mar- 
gin is a necessary minimum limit value. Therefore, in 
order to assure a more stable communication quality, 
the light emission intensity can be also set to a value 
that is slightly larger than the light emission intensity ob- 
tained by searching the light emission intensity by about 
one or two steps in consideration of a slight surplus. 
[0048] As described above, according to the embod- 
iment, by transmitting or receiving the message a few 
times, the necessary minimum light emission intensity 
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is automatically set and the vain electric power con- 
sumption due to the excessive output can be prevented. 
Moreover, in the embodiment, the light emission inten- 
sity varying means for varying the light emission inten- 
5 sity is merely provided on the transmission side. An ad- 
ditional hardware such as light emission intensity meas- 
uring means is unnecessary on the reception side. 
[0049] Although the embodiment has been described 
above with respect to the case of alternately performing 

10 the search from [A] to [B] and the search from [B] to [A], 
they can be also simultaneously executed. In such a 
case, it is sufficient to construct in a manner such that, 
although the first message which is emitted from the ap- 
paratus itself changes the light emission intensity, the 

15 second message which is emitted in response to a mes- 
sage from the partner is always transmitted by the max- 
imum output "1" and the second message is preferen- 
tially issued than the first message. 
[0050] As will be understood from the above descrip- 

20 tion, almost all of the invention is embodied by the works 
on the transmission side (the reception side merely is- 
sues the second message of a response). This means 
that the invention can be applied to only one apparatus 
side of the communication. For example, in the case 

25 where a desk-top type apparatus using a commercially 
available AC power source is provided on the [B] side 
and a portable type apparatus that is driven by a battery 
is provided on the [A] side and the user wants to avoid 
an excessive output in only the apparatus on the [A] side 

30 under a severe power circumstance, the invention can 
be embodied without providing the means for varying 
the light emission intensity for the apparatus on the [B] 
side. 

[0051] According to the latter method (method where- 

35 by the light intensity is fed back) of the conventional 
techniques, even if only the apparatus on the [A] side 
varies the light emission intensity, the light intensity 
measuring means is necessary on the [B] side. Howev- 
er, according to the invention, no additional hardware is 

40 necessary on the [B] side. 

[0052] In case of simultaneously performing the 
search on both sides as described above and in case of 
embodying the invention on one side, no problem will 
occur even if the end of searching operation is not in- 

<s formed to the partner side. Therefore, the message to 
inform the end of searching operation described in the 
above embodiment can be also omitted. 
[0053] Although the special messages for adjusting 
the light emission intensity have been used as first and 

50 second messages in the foregoing embodiment as a 
prerequisite, this is not a necessary condition of the in- 
vention. The invention merely requests that, when a 
special message is issued by light emission, there is a 
special message that is returned in response to it. 

55 Therefore, as such special messages, other messages 
which are used for another object can be also used. 
[0054] That is, if the transmission and reception of 
messages (including a packet or the like) which satisfy 
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the above requirement have been specified in an exist- 
ing communication protocol, such messages can be 
used as first and second messages in the invention. 
[0055] When the above point is considered together 
with a point that the invention can be used on only one 5 
side of the communication, the communication appara- 
tus embodying the invention can be also connected to 
a communication apparatus using the conventional 
technique and the existing communication protocol. 
[0056] Further, although the above embodiment has to 
been described with respect to the communication ap- 
paratus using a spatial transmission as a transmission 
path as an example, the invention is not limited to such 
an example and can be also applied to a light commu- 
nication of a transmission path of a wide system. 15 
[0057] According to the communication apparatus of 
the invention as described above, after the message is- 
suing means issued the first message, the light emission 
intensity of the light emitting device is changed by the 
light emission intensity changing means in accordance 20 
with the presence or absence of the response of the sec- 
ond message that is performed in response to the first 
message and is automatically set into the optimum light 
emission intensity. Therefore, the communication can 
be performed at the proper light intensity without provid- 25 
ing the light intensity measuring means on the reception 
side. The vain electric power consumption due to an ex- 
cessive output can be prevented. The invention has a 
large flexibility such that the invention can be commonly 
used together with the existing protocol which can be 30 
also embodied on one side of the communication, or the 
like. 

[0058] A communication apparatus which can com- 
municate by a proper light intensity and can prevent a 
vain electric power consumption without providing light 35 
intensity measuring means on the reception side is pro- 
vided. There are also provided communication appara- 
tus and method, in which after a CPU issued a first mes- 
sage, a light emission intensity of an infrared LED is 
changed by the CPU so as to become the optimum state *o 
in accordance with the presence or absence of the re- 
sponse of a second message that is performed in re- 
sponse to the first message. 

45 

Claims 

1. A communication apparatus for communicating by 
light, comprising: 

50 

light emission intensity setting means (5) for 
setting a light emission intensity of a light emit- 
ting device (7); 

message issuing means (3 to 7) capable of set- 
ting different light emission intensities via said 55 
light emission intensity setting means and issu- 
ing the respective messages with said set light 
emission intensities; and 
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message receiving means (8 to 12) for receiv- 
ing a message from another communication 
apparatus; 

characterized by 

said message receiving means (8 to 12) in- 
cluding determining means for determining whether 
a second message, which has been issued from an- 
other communication apparatus in answer to a first 
message with the light emission intensity set by said 
light emission intensity setting means, has been re- 
ceived or not; and 

said message issuing means (3 to 7) setting, 
for subsequent communication, the lowest one from 
among the light emission intensities of the first mes- 
sages corresponding to the second messages de- 
termined as having been received by said determin- 
ing means. 

2. An apparatus according to claim 1, wherein in the 
case where said message issuing means (3 to 7) 
issues the first message and said message receiv- 
ing means (8 to 12) receives the second message, 
said light emission intensity setting means reduces 
the light emission intensity of said light emitting de- 
vice for issuing the first message. 

3. An apparatus according to claim 1 , wherein in the 
case where said message issuing means (3 to 7) 
issues the first message and said message receiv- 
ing means (8 to 12) doesn't receive the second 
message, said light emission intensity setting 
means increases the light emission intensity of said 
light emitting device for issuing the first message. 

4. An apparatus according to claim 1 , further compris- 
ing: 

memory means (1, 2) which is constructed in a 
manner such that, after said message issuing 
means issued a first message by the light emis- 
sion intensity set by said light emission intensity 
setting means, in the case where said message 
receiving means (8 to 12) receives a second 
message in response to said first message, 
said light emission intensity is stored as a suc- 
cess intensity. 

5. An apparatus according to claim 4, further having 
memory means which is constructed in a manner 
such that, after said message issuing means issued 
the first message by the light emission intensity set 
by said light emission intensity setting means, in the 
case where said message receiving means (8 to 
12) doesn't receive the second message in re- 
sponse to the first message, said light emission in- 
tensity is stored as a failure intensity. 
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6. An apparatus according to claim 5, wherein in the 
case where said message issuing means issues the 
first message and said message receiving means 
(8 to 12) receives the second message, said light 
emission intensity setting means sets the light emis- 5 
sion intensity for issuing the next first message into 
the light emission intensity that is equal to the half 

of the sum of said stored success intensity and fail- 
ure intensity. 

10 

7. A communication method for communication by 
light, comprising the steps of: 



8. A method according to claim 7, wherein in the case 
where said first message is issued and said second 
message is received, the light emission intensity of 35 
said light emitting device for issuing the first mes- 
sage is reduced (S4-6). 

9. A method according to claim 7, wherein in the case 
where said first message is issued and said second *o 
message is not received, the light emission intensity 

of said light emitting device for issuing the first mes- 
sage is increased. 

10. A method according to claim 7, further comprising 45 
the step of: 

storing (S4-5) said light emission intensity as a 
success intensity, after issuing a first message 
by the light emission intensity set in said light 50 
emission intensity setting step, in the case 
where a second message in response to said 
first message is received. 

1 1 . A method according to claim 1 0, further comprising 55 
the step of 

storing (S4-5) said light emission intensity as 
a failure intensity after issuing the first message by 



the light emission intensity set in said light emission 
intensity setting step, in the case where the second 
message is not received in response to the first 
message. 

1 2. A method according to claim 1 1 , wherein in the case 
where the first message is issued and the second 
message is received, the light emission intensity for 
issuing the next first message is set into the light 
emission intensity that is equal to the half of the sum 
of said stored success intensity and failure intensity. 

PatentansprQche 

1. Kommunikationsvorrichtung zum Kommunizieren 
durch Licht, umfassend: 

eine Lichtemissionsintensitats-Einstelleinrich- 
tung (5) zum Einstellen einer Lichtemissionsin- 
tensitat einer Lichtemissionseinrichtung (7) ; 
eine Nachrichtenausgabeeinrichtung (3 bis 7), 
die in der Lage ist, verschiedene Lichtemissi- 
onsintensitaten Qberdie Lichtemissionsintensi- 
tats-Einstelleinrichtung einzustellen und die je- 
weiligen Nachrichten mit den eingestellten 
Lichtemissionsintensitaten auszugeben; und 
eine Nachrichtenempfangseinrichtung (8 bis 
12) zum Empfangen einer Nachricht von einer 
anderen Kommunikationsvorrichtung; 

dadurch gekennzelchnet, daft 

die Nachrichtenempfangseinrichtung (8 bis 
12) eine Ermittlungseinrichtung einschlie&t zum Er- 
mitteln, ob eine zweite Nachricht, welche von einer 
anderen Kommunikationsvorrichtung in Antwort auf 
eine erste Nachricht mit der durch die Lichtemissh 
onsintensitats-Einstelleinrichtung eingestellten 
Lichtemissionsintensitat ausgegeben wurde, emp- 
fangen wurde oder nicht; und 

die Nachrichtenausgabeeinrichtung (3 bis 7) 
zur nachfolgenden Kommunikation die niedrigste 
aus den Lichtemissionsintensitaten der ersten 
Nachrichten entsprechend den zweiten Nachrich- 
ten einstellt, die durch die Ermittlungseinrichtung 
als empfangen ermittelt wurden. 

2. Vorrichtung nach Anspruch 1, bei der in dem Fall, 
in dem die Nachrichtenausgabeeinrichtung (3 bis 
7) die erste Nachricht ausgibt und die Nachrichten- 
empfangseinrichtung (8 bis 12) die zweite Nach- 
richt empfangt, die Lichtemissionsintensitats-Ein- 
stelleinrichtung die Lichtemissionsintensitat der 
Lichtemissionseinrichtung zum Ausgeben der er- 
sten Nachricht verringert. 

3. Vorrichtung nach Anspruch 1 , bei der in dem Fall, 
in dem die Nachrichtenausgabeeinrichtung (3 bis 



setting (S4-1) a light emission intensity, where- 
in different light emission intensities can be set; is 
issuing (S4-2) the respective messages with 
said set light emission intensities; and 
receiving a message from another communica- 
tion apparatus; 

20 

characterized by the steps of 

determining (S4-3) whether a second mes- 
sage, which has been issued from another commu- 
nication apparatus in answer to a first message with 
the light emission intensity set, has been received 25 
or not; and 

setting, for subsequent communication, the 
lowest one from among the light emission intensi- 
ties of the first messages corresponding to the sec- 
ond messages determined as having been re- 30 
ceived. 
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7) die erste Nachricht ausgibt und die Nachrichten- 
empfangseinrichtung (8 bis 12) die zweite Nach- 
richt nicht empfangt, die Lichtemissionsintensitats- 
Einstelleinrichtung die Lichtemissionsintensitat der 
Lichtemissionseinrichtung zum Ausgeben der er- 5 
sten Nachricht erhOht. 

Vorrichtung nach Anspruch 1, ferner umfassend: 

eine Speichereinrichtung (1, 2), welche derart 10 
aufgebaut ist, dali nachdem die Nachrichten- 
ausgabeeinrichtung eine erste Nachricht mit 
der durch die Lichtemissionsintensitats-Ein- 
stelleinrichtung eingestellten Lichtemissionsin- 
tensitat ausgegeben hat, in dem Fall, in dem 15 
die Nachrichtenempfangseinrichtung(8 bis 12) 
eine zweite Nachricht in Antwort auf die erste 
Nachricht empfangt, die Lichtemissionsintensi- 
tat als eine Erfolgsintensitat gespeichert wird. 

20 

Vorrichtung nach Anspruch 4, ferner umfassend ei- 
ne Speichereinrichtung, welche derart aufgebaut 
ist, dafc nachdem die Nachrichtenausgabeeinrich- 
tung die erste Nachricht mit der durch die Lichte- 
missionsintensitats-Einstelleinrichtung eingestell- 25 
ten Lichtemissionsintensitat ausgegeben hat, in 
dem Fall, in dem die Nachrichtenempfangseinrich- 
tung (8 bis 12) die zweite Nachricht in Antwort auf 
die erste Nachricht nicht empfangt, die Lichtemissi- 
onsintensitat als eine Fehlerintensitat gespeichert 30 
wird. 

Vorrichtung nach Anspruch 5, bei dem in dem Fall, 
in dem die Nachrichtenausgabeeinrichtung die er- 
ste Nachricht ausgibt und die Nachrichtenemp- 35 
fangseinrichtung (8 bis 12) die zweite Nachricht 
empfangt, dfe Lichtemissionsintensitats-Einstell- 
einrichtung die Lichtemissionsintensitat zum Aus- 
geben der nachsten ersten Nachricht auf die Lich- 
temissionsintensitat einstellt, die gleich der Haifte to 
der Summe der gespeicherten Erfolgsintensitat und 
Fehlerintensitat ist. 

Kommunikationsverfahren zum Kommunizieren 
durch Licht, umfassend die Schritte: 45 

Einstellen (S4-1) einer Lichtemissionsintensi- 
tat, wobei verschiedene Lichtemissionsintensi- 
taten einstellbar sind; 

Ausgeben (S4-2) der jeweiligen Nachrichten 50 
mit den eingestellten Lichtemissionsintensita- 
ten; und 

Empfangen einer Nachricht von einer anderen 
Kommunikationsvorrichtung; 

55 

gekennzeichnet durch die Schritte: 



che von einer anderen Kommunikationsvor- 
richtung in Antwort auf eine erste Nachricht mit 
der eingestellten Lichtemissionsintensitat emp- 
fangen wurde, empfangen worden ist Oder 
nicht; und 

Einstellen, fQr eine nachfolgende Kommunika- 
tion, der niedrigsten aus den Lichtemissionsin- 
tensitaten der ersten Nachrichten entspre- 
chend den zweiten Nachrichten, die als emp- 
fangen ermittelt wurden. 

8. Verfahren nach Anspruch 7, bei dem in dem Fall, in 
dem die erste Nachricht ausgegeben wird und die 
zweite Nachricht empfangen wird, die Lichtemissi- 
onsintensitat der Lichtemissionseinrichtung zum 
Ausgeben der ersten Nachricht verringert wird 
(S4-6). 

9. Verfahren nach Anspruch 7, bei dem in dem Fall, in 
dem die erste Nachricht ausgegeben wird und die 
zweite Nachricht nicht empfangen wird, die Lichte- 
missionsintensitat der Lichtemissionseinrichtung 
zum Ausgeben der ersten Nachricht erhSht wird. 

10. Verfahren nach Anspruch 7, ferner umfassend den 
Schritt: 

Speichern (S4-5) der Lichtemissionsintensitat 
als eine Erfolgsintensitat nach dem Ausgeben 
einer ersten Nachricht mit der in dem Lichte- 
missionsintensitats-Einstellschritt eingestell- 
ten Lichtemissionsintensitat in dem Fall, in dem 
eine zweite Nachricht in Antwort auf die erste 
Nachricht empfangen wird. 

1 1 . Verfahren nach Anspruch 1 0, ferner umfassend den 
Schritt: 

Speichern (S4-5) der Lichtemissionsintensitat 
als eine Fehlerintensitat nach dem Ausgeben 
der ersten Nachricht mit der in dem Lichtemis- 
sionsintensitats-Einstellschritt eingestellten 
Lichtemissionsintensitat in dem Fall, in dem ei- 
ne zweite Nachricht in Antwort auf die erste 
Nachricht nicht empfangen wird. 

12. Verfahren nach Anspruch 11, bei dem in dem Fall, 
in dem die erste Nachricht ausgegeben wird und die 
zweite Nachricht empfangen wird, die Lichtemissi- 
onsintensitat zum Ausgeben der nachsten ersten 
Nachricht auf die Lichtemissionsintensitat einge- 
stellt wird, die gleich der Haifte der Summe der ge- 
speicherten Erfolgsintensitat und Fehlerintensitat 
ist. 



Ermitteln (S4-3), ob eine zweite Nachricht, wel- 
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Revendications 

1 . Appareil de communication pour communiquer op- 
tiquement, comprenant : 

un moyen de reglage d'intensite demission lu- 
mineuse (5) pour r6gler I'intensite demission 
lumineuse d'un dispositif demission lumineuse 
(7); 

un moyen d'envoi de messages (3 £ 7) capable 
de regler des intensites demission lumineuse 
differentes par I'interm6diaire dudit moyen de 
reglage d'intensite demission lumineuse et 
d'envoyer les messages respectifs avec lesdi- 
tes intensites d'emission lumineuse regies ; et 
un moyen de reception de messages (8 £ 12) 
pour recevoir un message d'un autre appareil 
de communication ; 

caract£ris6 par 

le fait que ledit moyen de reception de mes- 
sages (8 £ 12) comporte un moyen de determina- 
tion pour determiner si un second message, ayant 
ete envoye par un autre appareil de communication 
en r6ponse a un premier message ayant I'intensite 
demission lumineuse r6giee par ledit moyen de r6- 
glage d'intensite d'emission lumineuse, a 6te regu 
ou non ; et 

le fait que ledit moyen d'envoi de messages 
(3 a 7) r6gle, pour des communications uiterieures, 
la plus faible des intensites d'emission lumineuse 
des premiers messages correspondant aux se- 
conds messages determines comme ayant ete re- 
gus par ledit moyen de determination. 

2. Appareil selon la revendication 1 , dans lequel, dans 
le cas ou ledit moyen d'envoi de messages (3 £ 7) 
envoie le premier message et ledit moyen de recep- 
tion de messages (8 a 12) regoit le second messa- 
ge, ledit moyen de reglage d'intensite d'emission lu- 
mineuse reduit I'intensite d'emission lumineuse du- 
dit dispositif d'emission lumineuse pour envoyer le 
premier message. 



voi de messages a envoye un premier messa- 
ge £ partir de I'intensite d'emission lumineuse 
regiee par ledit moyen de reglage d'intensite 
d'emission lumineuse, dans le cas ou ledit 
5 moyen de reception de messages (8 £ 12) re- 

goit un second message, en r6ponse audit pre- 
mier message, ladite intensite d'emission lumi- 
neuse est stockee en tant qu'intensite de suc- 
ces. 

10 

5. Appareil selon la revendication 4, comportant en 
outre un moyen a m6moire qui est congu de telle 
maniere que, apres que ledit moyen d'envoi de 
messages a envoye le premier message avec Pin- 
ts tensite d'emission lumineuse regiee par ledit moyen 

de reglage d'intensite d'emission lumineuse, dans 
le cas ou ledit moyen de reception de messages (8 
£ 12) ne regoit pas de second message en r6ponse 
au premier message, ladite intensite d'emission lu- 
20 mineuse est stockee en tant qu'intensite d'echec. 

6. Appareil selon la revendication 5, dans lequel, dans 
le cas ou ledit moyen d'envoi de messages envoie 
le premier message et ou ledit moyen de reception 

25 de messages (8 a 12) regoit le second message, 
ledit moyen de reglage d'intensite d'emission lumi- 
neuse regie I'intensite. d'emission lumineuse pour 
envoyer le premier message suivant avec une in- 
tensite d'emission lumineuse qui est 6gale £ la moi- 
30 tie de la somme desdites intensites de succ6s et 
d'echec stock6es. 

7. Proc6d6 de communication pour communiquer op- 
tiquement, comprenant les etapes consistant £ : 

35 

regler (S4-1 ) une intensite d'emission lumineu- 
se, des intensites d'emission lumineuse diffe- 
rentes pouvant etre r6gl6es ; 
envoyer (S4-2) les messages respectifs avec 
40 lesdites intensites d'emission lumineuse 

r6giees ; et 

recevoir un message d'un autre appareil de 
communication ; 



20 



25 



3. Appareil selon la revendication 1 , dans lequel, dans 45 
le cas ou ledit moyen d'envoi de messages (3 £ 7) 
envoie le premier message et ou le moyen de re- 
ception de messages (8 £ 12) ne regoit pas le se- 
cond message, ledit moyen de reglage d'intensite 
d'emission lumineuse fait croitre I'intensite d'6mis- so 
sion lumineuse dudit dispositif d'emission lumineu- 
se pour envoyer le premier message. 

4. Appareil selon la revendication 1 , comprenant en 
outre : 55 

un moyen £ m6moire (1, 2) qui est congu de 
telle maniere que, apr£s que ledit moyen d'en- 



caracterise par les etapes consistant £ : 

determiner (S4-3) si oui ou non un second mes- 
sage ayant ete envoye par un autre appareil de 
communication en reponse £ un premier mes- 
sage avec ladite intensite d'emission lumineu- 
se regiee a 6t6 regu ; et 
r6gler, pour des communications ulterieures, la 
plus faible des intensites d'emission lumineuse 
des premiers messages correspondant aux se- 
conds messages determines comme ayant ete 
regus. 

8. Proc6d6 selon la revendication 7, dans lequel, dans 
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le cas ou ledit premier message est envoy6 et (edit 
second message est regu, I'intensit6 demission lu- 
mineuse dudit dispositif demission lumineuse ser- 
vant £ envoyer le premier message est r6duite 
(S4-6). * 5 

9. Proc6d6 selon la revendication 7, dans lequel, dans 
le cas ou ledit premier message est envoy6 et ou 
ledit second message n'est pas regu, I'intensit6 
demission lumineuse dudit dispositif demission lu- 10 
mineuse servant d envoyer le premier message est 
augmentee. 

10. Proc6d6 selon la revendication 7, comprenant en 
outre l'6tape consistant £ : 15 

stocker (S4-5) ladite intensity demission lumi- 
neuse en tant qu'intensite de succ^s, aprds 
avoir envoys un premier message avec flnten- 
site d'6mission lumineuse r6gl6e lors de ladite 20 
6tape de rSglage d'intensite d*6mission lumi- 
neuse, dans le cas ou un second message est 
re?u en r§ponse audit premier message. 

11. Proc6d6 selon la revendication 10, comprenant en 25 
outre l'6tape consistant d : 

stocker (S4-5) ladite intensity demission lumi- 
neuse en tant qu'intensite d'6chec apr6s avoir 
envoy6 le premier message avec {'intensity 30 
d'6mission lumineuse r6gl6e lors de ladite 6ta- 
pe de reglage d'intensite demission lumineuse, 
dans le cas ou le second message n'est pas 
regu en r6ponse au premier message. 

35 

12. Proc6d6 selon la revendication 11, dans lequel, 
dans le cas ou le premier message est envoye et 
ou le second message est regu, I'intensite demis- 
sion lumineuse servant a envoyer le premier mes- 
sage suivant est r6g!6e d une intensit6 demission <o 
lumineuse qui est 6gale d la moitte de la somme 
desdites intensites de succ6s et d'6chec stock6es. 
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